ABSTRACT In this report, we investigated the protective function of co-enzyme Q10 on chicken hearts during in vivo heat stress (HS) and the relationship with Hsp70 expression. The concentration of co-enzyme Q10 (Q10) in the serum indicated that Q10 exogenously added prior HS was fully absorbed by chickens and is maintained at high levels during HS. The level of heart and oxidative damage-associated enzymes in the serum revealed that treatment with Q10 decreased the activity of CK-MB, CK, and LDH compared with the HS group; moreover, oxidative injury was also alleviated by Q10 according to the level of SOD, MDA, and T-AOC in the serum compared with HS group during heat stress. A pathological examination indicated that the chicken hearts suffered serious damage during HS, including hemorrhage, granular changes, karyopyknosis, and cardiac muscle fiber disorder; however, the extent of heart damage was reduced in HS + Q10 group. Our results indicated that the addition of Q10 could upregulate the expression of Hsp70 during HS compared with the HS group. Compared with the HS group, the addition of Q10 significantly increased the gene expression of hsf1 during HS and hsf3 at 5 h of HS. The expression of hsf2 and hsf4 was not influenced by HS. Q10 could only accelerate the trimerization of HSF1 as well binding activities to Hsp70 HSE according to native page and ChIP assays. These findings suggest that co-enzyme Q10 can protect chicken hearts from in vivo HS by inducing HSF1 binding activity and Hsp70 expression.
INTRODUCTION
Animals respond to heat stress with a series of reactions, including the heat shock response (HSR). This is an essential protection mechanism that is triggered when animals suffer from hyperthermia, often inducing the synthesis of heat shock proteins. Heat shock proteins (Hsps) can function as molecular chaperones that recognize and bind to abnormal proteins to accelerate the recovery of these proteins (Clarke, 1996; Young, 2010) . Heat shock proteins can be classified according to their molecular weights such as Hsp40, Hsp60, Hsp70, Hsp110, etc. (Li and Srivastava, 2004) .
HSF1 trimer and HSF3 dimer are able to bind to the heat shock element (HSE) of Hsps to trigger the synthesis of Hsps (Nakai et al., 1995) . HSF1 was found to be involved in the synthesis of most Hsps, whereas HSF3 was required for the HSR only in avian species; moreover, some researches consider HSF3 to play a more important role in the induction of some Hsps (e.g., Hsp70) compared to HSF1 in chickens (Nakai, 1999; Pirkkala et al., 2001 ).
The expression of various Hsps during stress varies depending on their protective functions. Hsp70 is a highly conserved and ubiquitously expressed; in particular, its cytoprotective function on the heart during heat stress has been studied (Mai et al., 2017; Yang et al., 2017 , Yin et al., 2018 .
Since chickens are animals lacking sweat glands, they typically regulate their body temperature via breathing; therefore, hyperthermia can be fatal. Under conditions of heat stress, the negative effects primarily consist of increased consumption of fodder, reduced growth rate, and viability (Teeter and Belay, 1996) .
Heart can suffer damage in response to heat stress (Rai and Ambwany, 1980; Gisolfi et al., 1991; Yin et al., 2018) . Our previous studies have also demonstrated that the chicken heart is damaged both in vivo and in vitro during different durations of heat stress (Wu et al., 2015; Tang et al., 2016; Wu et al., 2016; Zhang et al., 2016) . However, using various treatments, (e.g., aspirin and vitamin C), vitamin C was found to alleviate the heart damage that occurred during heat stress by regulating the expression of Hsps Yin et al., 2018) . These findings provide insight into the potential use of some inducers of Hsps as feed supplements to increase the capacity of chickens to respond to heat stress. A total of 120 chickens were randomly divided into three treatment groups: (1) HS; (2) HS + Q10; and (3) Q10. Chickens in the HS + Q10 and Q10 groups were orally administered 1 mg/kg body weight co-enzyme Q10. To induce heat stress, the chickens in the HS and HS + Q10 groups were transferred to a preheated air chamber at 42
• C ± 1 • C with 60% to 70% humidity for different durations.
Co-enzyme Q10 has been clinically used as an ancillary drug for heart disease (e.g., heart failure), which can induce sudden death in both humans and chickens (Mellors and Tappel, 1996; Stocker et al., 1991; Mohr et al., 1992) . However, the connection between the protective function of co-enzyme Q10 and the expression of Hsps remains unclear in chicken heart. Our in vitro experiments have shown that coenzyme Q10 can protect chicken primary myocardial cells under conditions of heat stress. Further study demonstrated that Q10 protected myocardial cells by upregulating Hsp70 expression, and that HSF1 binding activity rather than HSF3 was also increased by co-enzyme Q10 in chicken primary myocardial cells (Xu et al., 2017a,b) . However, further validation is required to elucidate whether co-enzyme Q10 can protect chicken hearts from heat stress in vivo. Thus, this study will provide insight into whether Q10 can be applied in the production practice of the poultry industry. Additionally, we will also focus on the changes in Hsp70 expression following treatment with co-enzyme Q10 in this study.
MATERIALS AND METHODS

Animal Stress Model
All experiments were performed in accordance with the guidelines of the Animal Ethics Committee of Jiangsu Province (China). The study protocol was approved by the Animal Care and Use Committee of Nanjing Agricultural University (Nanjing, China). One-day-old specific free chickens were purchased from Xiaoming agricultural and animal husbandry Ltd., Ningxia, China. All of the chickens were vaccinated against Newcastle disease and infectious bursal disease on the 7th and the 14th d, respectively. The chickens were given 30 d to acclimate to their new housing and recover from environmental stress at 25
• C ± 1 • C. All the chicken was 30 d old when they subjected to the treatments. A total of 120 chickens were randomly divided into the following three treatment groups: (1) the HS (treated with heat stress only) group; (2) the HS + Q10 (co-enzyme Q10 administrated 2 h before heat stress) group; and (3) the Q10 (treated with co-enzyme Q10 only) group. Chickens in the HS + Q10 and Q10 groups were orally fed 1 mg/kg body weight co-enzyme Q10 (co-enzyme Q10 was provided by Sigma, USA). When heat stress was triggered, chickens in the HS and HS + Q10 groups were transferred to a preheated air chamber (GJ = 1, Suzhou Fengshi Laboratory Animal Equipment Co. Ltd, China) at 42
• C ± 1 • C with 60% to 70% humidity over different durations of heat stress (0, 1, 3, and 5 h). The chickens were allowed free access to food and water during heat stress. Serum samples were collected following heat stress, and heart samples were collected and fixed in 10% formalin for morphological studies or frozen in liquid nitrogen for biochemical analysis (Figure 1 ).
Detection of Co-Enzyme Q10 in Chicken Serum During Heat Stress
Blood samples were collected from all of the groups after heat stress. The samples were centrifuged, and the concentration of co-enzyme Q10 in the chicken serum was detected using a commercial enzyme-linked immunosorbent antibody assay kit (A012-12; Jiancheng, Nanjing) according to the manufacturer's instructions.
Detection of Heart and Oxidative Damage-Associated Enzymes
The collected samples were used to detect the level of heart and oxidative damage-associated enzymes. The activity of CK (JC-1324), CK-MB (JC-1301), LDH (JC-112), T-SOD (A001-1), T-AOC (A012-5), and MDA (A003-2) in the serum or heart was measured using commercial kits according to the manufacturer's instructions (Jiancheng, Nanjing). 
Pathological Examination
Heart samples for pathological examination were collected and fixed in 10% formalin, cut into 5 μm-thick serial sections, and stained with hematoxylin and eosin. After mounting with resinene, light microscopy was used for the pathological examination.
Western Blot and Native Page Analysis
Total protein of western blot samples were extracted from chicken heart following heat stress using RIPA lysis buffer with PMSF, protein concentration was determined using a bicinchoninic acid assay kit supplied by Life Technologies (Life Technologies; MK164230) according to manufacturer's instructions. Samples were denatured at 98
• C for 15 min, following the sodium dodecyl sulfate-polyacrylamide gel electrophoresis, proteins were transferred onto polyvinylidene fluoride (PVDF) membrane (Bio-Rad; 162-0177) under 100 V for 90 min at 4
• C. After blocking for 2 h in skimmed milk powder, PVDF membranes were incubated with anti-HSP70 (ADI-SPA-810, Enzo Life) for 14 h at 4
• C. After incubation with corresponding peroxidase-conjugated antibodies, a chemiluminescent reagent was used for protein detection. The intensity of protein bands on developed film were quantified using Quantity One software (v4.6.2Bio-Rad, Hercules,USA).
Samples for native page was extracted using native lysis buffer, after the determination of protein concentration, proteins samples for native page were fixed with non-denatured loading buffer. Condition of electrophoresis was 110 V for 1 h at 4
• C. Proteins were transferred onto PVDF membrane under 4
• C for 1 h. After the skimmed milk blocking, incubation of anti-HSF1 (CST12972, Cell Signaling Technology), HSF3 (Abgent) primary antibodies and corresponding second antibodies respectively, A chemiluminescent reagent was used for protein detection. The intensity of protein bands on developed film was quantified using Quantity One software (v4.6.2Bio-Rad, Hercules, USA).
Real-Time RT-PCR
TRIzol reagent was used to collect the total RNA from the heart. Following reverse transcription, a thermocycler was employed for quantitative PCR. Sequences of hsf1-4 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were supplied by the gene bank of the National Center for Biotechnology Information. Primers for the target genes were designed by Primer Premier v5.0 (Table 1 ). The level of the target gene mRNA was normalized to that of GAPDH mRNA.
Chromatin Immunoprecipitation Assay
Two hundred milligram chicken heart sample was cut into pieces on ice box, then 5 ml PBS solution was added, heart samples were crossed linked in 1% formaldehyde for 10 min at 20
• C to 25
• C, then 100 mM glycine was added to stop cross-linking reaction, Magnetic Protein-A beads were added when the centrifugation and ultrasonication ended. Heart samples then were incubated with anti-HSF1 or normal IgG antibodies for immunoprecipitation, ChIP dilution buffer was used as negative control, and DNA from total input was used as internal control. Protein binding at Hsp70 promoter was quantified by SYBR green-based quantitative real-time PCR. Enrichment method was used for data quantified. Primers for ChIP assays were CA-CAAACAACTGCCAAGG and CAGCACCATTTAT-GTGAAGA; the amplicon size was 308 bp.
Statistical Analysis
The differences between groups were analyzed by a one-way analysis of variance using SPSS (v20.0; IBM, Armonk, NY, USA). The results are expressed as the mean ± standard deviation. P < 0.05 was considered a statistically significant difference, and P < 0.01 was considered to indicate a high degree of significance. Unless indicated otherwise, experiments were performed in triplicate (n = 3).
RESULTS
Clinical Symptoms of Chickens During Heat Stress
When the chickens were placed into the heat stress chamber, they became dysphoric. After 30 min of heat stress, the chickens began panting and inspiratory wheeze was observed after 1 to 2 h of heat stress both in the HS group and HS + Q10 group; moreover, water intake was increased at this time, and some of the chickens lay down and thumped their wings. After 5 h of heat stress, most chickens (80%) in the HS group ceased water intake, became spiritless, and started dying; however, the conditions exhibited by the HS + Q10 group were improved compared to the HS group. No obvious clinical changes were observed during heat stress in the Q10 group.
The Level of Co-Enzyme Q10 in Chicken Serum During Heat Stress
Pretreatment with co-enzyme Q10 significantly enhanced the level of Q10 in the chicken serum compared with the HS group during heat stress (P < 0.01). As a consequence of drug metabolism, the concentration of Q10 in the chicken serum also increased over time and peaked at 5 h (Figure 2 ), after which time the level of Q10 in the serum began to decrease (data not shown).
Level of Heart Damage-Associated Enzymes During Heat Stress
After heat stress, the level of CK, CK-MB, and LDH were detected in all of experimental groups (Figure 3) . The results revealed that the level of heart damageassociated enzymes in the serum increased in response to heat stress in both the HS and HS + Q10 groups. Pretreatment with Q10 alleviated the heart damage and LDH levels at 5 h of heat stress (P < 0.05). Although the level of LDH in the HS + Q10 group was lower than that in the HS group, there were no significant differences at 3 h (P > 0.05). CK-MB in the HS + Q10 group was significantly decreased compared with the HS group at 1 h and 3 h of heat stress (P < 0.01). The addition of Q10 also significantly decreased the level of CK in the chicken serum at 3 h (P < 0.05) and 5 h (P < 0.01) compared with the HS group. No obvious changes in these enzymes were observed in the Q10 group during heat stress.
Level of Oxidative Damage-Associated Enzymes in the Serum During Heat Stress
The level of T-SOD, T-AOC, and MDA in serum (Table 2 ) was detected after heat stress. Our results showed that the level of T-AOC was significantly decreased at 3 h (P < 0.05) and 5 h (P < 0.01) and significantly increased at 1 h (P < 0.05) following heat stress in the serum of chickens in the HS group. Pretreatment with Q10 before heat stress significantly increased the level of T-AOC at 1 h (P < 0.01), 3 h (P < 0.01), and 5 h (P < 0.05) compared with the HS group. Similar results were also observed for T-SOD as the addition of Q10 significantly increased the level of T-SOD compared with the HS group at 1 h (P < 0.05), 3 h (P < 0.01), and 5 h (P < 0.01) following heat stress. The level of MDA in the HS group was significantly higher than that of the HS + Q10 group at 1 h (P < 0.05), 3 h (P < 0.01), and 5 h (P < 0.01) following heat stress. No obvious changes in these enzymes were observed in the Q10 group.
Pathological Examination of Chicken Hearts During Heat Stress
Pathological indications of injury were observed after heat stress in HS, HS+Q10 and Q10 group (Figure 4) . No pathological changes were observed under normal conditions. After 3 h of heat stress, the chickens exhibited hemorrhaging between the cardiac muscle fiber (↑) and myocardial fiber fracture (→) in the HS group; however, the lesions in the HS + Q10 group appeared to be relatively moderate at this stage. Congestion of the blood vessels was also observed in both the HS and HS + Q10 groups (↓). When the duration of heat stress reached to 5 h, karyopyknosis ( ) was observed in the HS group; however, the hearts in the HS + Q10 group retained the basic structure, although karyopyknosis and hemorrhaging between cardiac muscle fibers were observed.
Expression of Hsp70 During Heat Stress
Our results showed that the expression of Hsp70 was significantly elevated during heat stress in both the HS and HS + Q10 groups ( Figure 5 ). The addition of Q10 significantly increased the expression of Hsp70 in the chicken hearts during heat stress compared with the HS group (P < 0.01).
hsf1-4 Gene Expression During Heat Stress
Expression of the hsf1-4 gene in the chicken hearts during heat stress was detected using RT-PCR ( Figure 6 ). The results showed that the expression of hsf1 and hsf3 was upregulated during heat stress in both the HS and HS + Q10 groups, although no obvious changes were detected in the Q10 group. Compared Figure 3 . The level of heart damage-associated enzymes during heat stress. The level of heart damage-associated enzymes in the serum increased in response to heat stress in both the HS and HS + Q10 groups. Pretreatment with Q10 alleviated the extent of heart damage and LDH levels. After 5 h of heat stress, the level of LDH in the HS + Q10 group was lower than that in the HS group, although there were no significant differences at 3 h. CK-MB in the HS + Q10 group was significantly decreased compared with the HS group after 1 h and 3 h of heat stress. The addition of Q10 also significantly decreased the level of CK in the chicken serum at 3 h and 5 h compared with the HS group. No obvious changes in the level of these enzymes in were observed in the Q10 group. Comparison between zero hour and other time points in same treatment group. * P < 0.05; * * P < 0.01.
Comparison between the same time points in HS and HS+Q10 treatment groups. # P < 0.05; ## P < 0.01.
with the HS group, pretreatment with co-enzyme Q10 in the HS + Q10 group was associated with an upregulation in the expression of the hsf1 gene at 1 h (P < 0.05), 3 h (P < 0.01), and 5 h (P < 0.05), as well as hsf3 at 5 h (P < 0.01). No significant changes in the expression of the hsf2 and hsf4 genes expression were observed in any of the experimental groups during heat stress.
Detection of HSF1 Trimer and HSF3 Dimer During Heat Stress
Trimerization of HSF1 and dimerization of HSF3 were detected by native page assays (Figure 7) , we observed HSF1 trimer and HSF3 dimer appeared under heat stress condition in HS group and HS + Q10 group, addition of co-enzyme Q10 could accelerate the No pathological changes were observed under normal conditions. When the chickens suffered 3 h heat stress, hemorrhaging between cardiac muscle fibers (↑), and myocardial fiber fracture (→) were observed in the HS group, whereas the lesions in the HS + Q10 group appeared relatively modest at this stage. Congestion of the blood vessels was also observed in both the HS and HS + Q10 groups (↓). When the duration of heat stress reached 5 h, karyopyknosis ( ) was observed in the HS group; however, the hearts in the HS + Q10 group retained the basic structure. transform of HSF1 from monomer to trimer at 1 h, 3 h, and 5 h heat stress; however, the transformation of HSF3 wasn't influenced by Q10 under heat stress condition.
Chromatin Immunopreciptation Assay
HSF1 occupancy at the Hsp70 promoter was evaluated in chicken heart by ChIP. Chickens treated with Q10 or not were processed for ChIP with antibodies against HSF1 and IgG control antibodies after heat stress (Figure 8 ). HSF1 was discovered on the Hsp70 promoter in HS and HS + Q10 groups after 1 h, 3 h, and 5 h heat stress. No amplified products were detected in IgG antibody-treated group or in the negative control group (ChIP dilution buffer alone). According to SYBR green-based quantitative real-time PCR, treatment with co-enzyme Q10 enhanced HSF1 binding to Hsp70 HSE under heat stress compared with HS alone at 1 h (P < 0.01), 3 h (P < 0.01), and 5 h (P < 0.05).
DISSCUSSION
Our findings indicate that treatment with co-enzyme Q10 could protect chicken hearts from heat stress based on the detection of heart and oxidative damageassociated enzymes, pathological examination, and expression of Hsp70. In addition, the HSF1 trimer was upregulated and its binding activity was enhanced by co-enzyme Q10. Thus, these data suggest that the protective mechanism of Q10 during heat stress may be associated with the induced HSF1 binding activity, as well as Hsp70 expression.
The concentration of co-enzyme Q10 in the serum from the chickens in the HS + Q10 and Q10 groups remained relatively high compared with the HS group. This finding demonstrates that the administered oral dosage of Q10 was sufficient and fully absorbed by the chickens in these two groups. CK-MB, CK, and LDH are released from myocardial cells into the serum when the heart suffers damage and are thus considered to be markers of heart damage (Haagensen et al., 2008) . Moreover, other studies have similarly detected increased levels of LDH, CK, and CK-MB to be accompanied with serious heart damage following heat stress (Zhu et al., 2009; Tang et al., 2013; Chen et al., 2014) . In the present study, we discovered that the level of CK-MB, CK, and LDH in the serum was upregulated in response to heat stress. Additionally, consistent with our in vitro experiments, the addition of Q10 was found to decrease the level of these enzymes compared with the HS group at some time points. These findings demonstrate that co-enzyme Q10 could alleviate heart damage, the most severe consequence of heat stress. Moreover, the extent of oxidative damage was also assessed by detecting the level of SOD, MDA, and T-AOC. SOD is associated with the elimination of oxygen radicals, MDA is the product of oxidative damage, and T-AOC is a reflection of antioxidative stress capacity. Our results showed that the addition of Q10 increased the level of SOD and T-AOC but decreased the level of MDA, which indicates that oxidative stress in the chickens was alleviated by treatment with co-enzyme Q10 during heat stress. These results are also in accordance with our previous studies in which we reported that Q10 curtailed oxidative damage to chicken myocardial cells (Xu et al., 2017b) . The damage-associated enzymes levels in the Q10 group did not show obvious changes, indicating that Q10 is a safe additive for chickens in vivo. The pathological examination also revealed that Q10 could alleviate heart damage during heat stress, although it could not reverse the trend of becoming worse.
The expression of Hsp70 under normal conditions was relatively low and could be rapidly synthesized in response to heat stress. This finding is consistent with previous studies, which suggest that such enhanced expression may be associated the easily inducible nature of Hsp70 (Glocer and Lindquist, 1998; Asea et al., 2000) . Research has also shown that high levels of Hsp70 are beneficial for resistance to conditions of stress and the recovery of the entire body (Jesper et al., 2004; Banerjee et al., 2009; Bironaite et al., 2013) . In addition, nuclear translocation of Hsp70 was also regarded to be beneficial for nucleolar activity (Pelham, 1984) ; our prior in vitro experiments also observed the upregulation of nuclear Hsp70 expression in response to the addition of co-enzyme Q10 (Xu et al., 2017a) . In the present study, we also discovered that treatment with Q10 could increase the expression of Hsp70 during heat stress compared with the HS group. Moreover, since a high level of Hsp70 was also accompanied by the relief of heart damage, we considered that Hsp70 may have a protective function on cardiomyocytes during heat stress.
Heat shock factors have been identified to be associated with the synthesis of Hsp70, they are able to bind to the HSE of Hsp70, which are composed of inverted nGAAn motifs in the proximal promoter region and trigger the synthesis of Hsp70 (Pelham, 1982) . Our results revealed that the gene expression of hsf1 and hsf3 could be upregulated by heat stress in chicken hearts. Moreover, the gene expression of hsf1 could be increased following the addition of Q10 during heat stress, whereas the expression of hsf3 only increased after 5 h of heat stress. These results indicate that HSF1 and HSF3 may play a potential role in the upregulation Figure 6 . Expression of genes hsf1-4 during heat stress. RT-PCR results showed that the expression of both the hsf1 and hsf3 genes was upregulated during heat stress in the HS group and HS + Q10 groups, although no obvious changes were detected in the Q10 group. Compared with the HS group, pretreatment with co-enzyme Q10 in the HS + Q10 group upregulated the gene expression of hsf1 at 1 h, 3 h, and 5 h, as well as hsf3 at 5 h. No significant changes in the gene expression of hsf2 and hsf4 were observed in any of the experimental groups during heat stress. Figure 7 . Detection of HSF1 trimer and HSF3 dimer during heat stress. we observed HSF1 trimer and HSF3 dimer appeared under heat stress condition in HS group and HS + Q10 group, addition of coenzyme Q10 could accelerate the transform of HSF1 from monomer to trimer at 1 h, 3 h, and 5 h heat stress; however, the transformation of HSF3 was not influenced by Q10 under heat stress condition. of Hsp70. Previous studies have shown that HSF1-null chicken MEF cells can induce the expression of Hsp70 when HSF1 was over-expressed . In addition, silencing HSF3 in chicken DT40 cells was associated with decreased Hsp70 expression (Tanabe et al., 1998) . Thus, HSF3 appears to be a critical factor involved in the synthesis of Hsp70 in chickens. Therefore, although hsf3 was only upregulated by Q10 after 5 h of heat stress, we believe that it may be involved the upregulation of Hsp70 by co-enzyme Q10 or play an assisting role.
Both HSF1 and HSF3 exist as a monomer form under normal condition, and when cell was placed in stress condition, formative of HSF1 trimer and HSF3 dimer could bind to HSE to mediate the expression of heat shock proteins , so the formation of polymers of HSFs was prerequisite of expression of heat shock proteins, results of native page showed total expression of HSF1 and HSF3 was regulated under heat stress, formation of HSF1 trimer and HSF3 dimer was also elevated by heat stress; however, only HSF1 trimer was increased by Q10 compared with HS group under heat stress, although HSF3 expression was indeed increased by Q10 at 5 h, HSF3 dimer in HS + Q10 showed no significantly difference at 5 h of heat stress; therefore, HSF3 was not involved in the Hsp70 upregulation induced by Q10 during heat stress.
We observed increased HSF1 trimer by Q10 treatment; however, we are not sure if these HSF1 could bind to HSE of Hsp70 effectively, ChIP assays were used to detected the HSF1's bind activities under heat stress, results showed that co-enzyme Q10 could accelerate HSF1's binding activities to HSE of Hsp70, which Figure 8 . Chromatin immunopreciptation assay. HSF1 occupancy at the Hsp70 promoter was evaluated in chicken heart by ChIP. Chickens treated with Q10 or not were processed for ChIP with antibodies against HSF1 and IgG control antibodies after heat stress. HSF1 was discovered on the Hsp70 promoter in HS and HS + Q10 groups after 1 h, 3 h, and 5 h heat stress. No amplified products were detected in IgG antibodytreated group or in the negative control group. According to SYBR green-based quantitative real-time PCR, treatment with co-enzyme Q10 enhanced HSF1 binding to Hsp70 HSE under heat stress compared with HS alone at 1 h, 3 h, and 5 h. means co-enzyme Q10 could upregulate the expression of Hsp70 in chicken heart by HSF1 pathway under heat stress.
The findings of our experiments indicate that coenzyme Q10 protects chicken hearts from in vivo heat stress in the short term. This protective response may be associated with the induction of HSF1-binding activity and Hsp70 expression.
